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(57) ABSTRACT 

The invention is a method and apparatus for delivering a 
stent, including, but not limited to, a self expanding stent, 
into a body lumen. The apparatus comprises an outer tube 
having a proximal end and a distal end and siZed to hold a 
stent therein in a radially constricted condition, an inner tube 
Within the outer tube and having a proximal end and a distal 
end, and a holding element comprising one or more in?at 
able balloons carried on the inner tube at or near the location 
of the loaded stent. The balloon can be in?ated prior to the 
procedure so that the balloon presses against the inner 
surface of the outer tube trapping the stent in its longitudinal 
position betWeen the inner and outer tubes. Accordingly, the 
outer tube can be slid proximally to release the stent or 
distally to retract the stent back into the delivery device 
Without the stent inadvertently sliding. 
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Fig. 1A 

Fig. 1B 
(PRIOR ART) 
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Fig.2 (PRIOR ART) 
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METHOD AND APPARATUS FOR DELIVERING A 
STENT INTO A BODY LUMEN 

FIELD OF THE INVENTION 

[0001] The invention pertains to the delivery of stents and 
the like into body lumens. More particularly, the invention 
pertains to the releasing of self-expanding stents and the like 
from the delivery apparatus. 

BACKGROUND OF THE INVENTION 

[0002] Stents, such as braided or knitted stents for surgical 
implantation in body lumens (tubular vessels), are knoWn 
for repairing or strengthening the vessels. A stent essentially 
is a holloW tube that supplements the body lumen. With 
respect to the medical condition of stenosis, in Which a body 
lumen tends to collapse or otherWise close, the stent supports 
the Wall of the vessel to prevent it from collapsing or closing. 
A blood vessel that is narroWed due to the build up of 
intra-vascular plaque is one example of a stenosis. With 
respect to the medical condition of aneurism, in Which a 
body lumen is Weakened and cannot properly Withstand the 
internal pressure Within the vessel and bulges out or rup 
tures, a stent graft serves essentially the opposite function in 
that it substitutes for or supplements a Weakened portion of 
the vessel. Stents are knoWn for insertion in blood vessels, 
bile ducts, colons, trachea, esophagi, urethra, ureters, nasal 
passages, ductal systems, etc. 

[0003] Stents are knoWn that are fabricated from rigid, but 
?exible materials that, When bent by force, tend to retain the 
bent shape. Such stents may be inserted into the body lumen 
in an unstressed radially minimal shape While mounted over 
a de?ated balloon. When the stent is in situ, the balloon is 
in?ated in order to radially expand the stent, Which Will then 
retain the radially expanded shape after the balloon is 
de?ated and removed. 

[0004] Another type of stent is termed a self-expanding 
stent. Self-expanding stents can be compressed radially, but 
Will expand to their original shape once the radially con 
strictive force is removed. Some types of self-expanding 
stent are formed from materials that are superelastic or have 
shape memory characteristics. Such stents are commonly 
made of Nitinol, a biocompatible alloy that, depending on its 
chemical composition and thermomechanical history, may 
be either a shape memory material of a superelastic material. 
The ULTRAFLEX stent manufactured and sold by Boston 
Scienti?c Corporation is an example of a knitted Nitinol 
stent. 

[0005] Another type of self-expanding stent that reverts to 
its original shape due to an elastic deformation When radially 
compressed is exempli?ed in US. Pat. No. 4,655,771, 
issued to Wallsten and incorporated herein by reference. 
Wallsten discloses a self-expanding, braided surgical dilator 
stent particularly adapted for coronary dilation, but Which 
can be adapted for use in other body vessels. That patent 
discloses a stent generally in accordance With the stent 10 
shoWn in FIG. 1A. It comprises a holloW tubular member, 
the Wall of Which is formed of a series of individual, ?exible, 
thread elements 12 and 14, each of Which extends helically 
around the central longitudinal axis of the stent. A ?rst 
subset of the ?exible thread elements 12 have the same 
direction of Winding and are displaced relative to each other 
about the cylindrical surface of the stent. They cross a 
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second plurality of helical thread elements 14 Which are also 
displaced relative to each other about the cylindrical surface 
of the stent, but having the opposite direction of Winding. 
Accordingly, as shoWn in FIG. 1A, the threads 12 of the ?rst 
subset cross the threads 14 of the second subset at crossing 
points 16. 

[0006] As the stent is axially stretched, i.e., as the longi 
tudinal ends 18 and 20 are forced aWay from each other, the 
diameter reduces, as shoWn in FIG. 1B. LikeWise, if the Wall 
of the stent is radially constricted so as to reduce the stent’s 
diameter, the stent elongates. In other Words, radial con 
striction and axial elongation go hand in hand. When the 
force is released, the stent tends to spring back to its resting 
diameter and length. 

[0007] Bioabsorbable stents also are knoWn in the prior 
art, including bioabsorbable braided self expanding stents of 
the type generally disclosed in the aforementioned Wallsten 
patent. Bioabsorbable stents are manufactured from mate 
rials that dissolve over an extended period of time When 
exposed to bodily ?uids and are absorbed into the surround 
ing cells of the body. 

[0008] Various bioabsorbable materials that are suitable 
for fabricating stents are knoWn in the prior art, including 
polymers such as poly-L,D-lactic acid, poly-L-lactic acid, 
poly-D-lactic acid, polyglycolic acid, polylactic acid, poly 
caprolactone, polydioxanone, poly(lactic acid-ethylene 
oxide) copolymers, or combinations thereof. Vainionp et al., 
Prog Polym. Sci., vol. 14, pp. 697-716 (1989); US. Pat. No. 
4,700,704, US. Pat. No. 4,653,497, US. Pat. No. 4,649,921, 
US. Pat. No. 4,599,945, US. Pat. No. 4,532,928, US. Pat. 
No. 4,605,730, US. Pat. No. 4,441,496, and US. Pat. No. 
4,435,590, all of Which are incorporated herein by reference, 
disclose various compounds from Which bioabsorbable 
stents can be fabricated. 

[0009] Most, if not all, stents need to be radially con 
stricted, i.e., reduced in diameter from their deployment 
radius, so that they can be inserted into the body lumen. 
Then, once they are in situ, the stent can be released and 
radially expanded. 
[0010] Various insertion apparatus for delivering a stent 
into a body lumen in a radially constricted state and then 
releasing stent so that it self expands Within the body lumen 
are available. In one popular design illustrated in FIG. 2 and 
exempli?ed, for instance, in US. Pat. No. 5,026,377, the 
delivery apparatus comprises an inner core tube 5 sur 
rounded by a concentric outer tube 1. The outer tube is 
shorter than the inner tube so that the inner tube can extend 
from the outer tube at both ends of the delivery device. A 
handle 6 typically is provided at the proximal end of the 
inner tube 5. Another handle 2 is provided at the proximal 
end of the outer tube. The inner tube 5 is slidable Within the 
outer tube by relative manipulation of the tWo handles. A 
stent 11 is loaded on the delivery apparatus trapped betWeen 
the core and the outer tube near the distal end of the delivery 
apparatus. 

[0011] The inner tube 5 may be holloW and adapted to 
accept a guide Wire 8 Which, as is Well knoWn in the related 
arts, can be used to help guide the distal end of the delivery 
device to the stent deployment site in the body lumen 4. 

[0012] During stent delivery, a physician typically Will 
make an incision in the body lumen at a location remote 
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from the stent deployment site and then guide the stent 
delivery device into the body lumen until the distal end of 
the stent delivery device is at the stent deployment site. The 
outer tube is then pulled back out While the inner tube is held 
in position. Accordingly, the outer tube slides over the stent, 
thus releasing it from radial constriction, Whereby the stent 
radially expands and contacts the Wall of the body lumen and 
is held in place by frictional force betWeen the lumen Wall 
and the stent body resulting from the radial expansion force 
of the stent. The stent is noW fully deployed and the delivery 
device can be retracted. 

[0013] Sometimes, after the stent has been partially 
released from the delivery device, the physician may decide 
that the stent is not properly positioned. In such a case, the 
physician Will push the outer tube distally (or draW the inner 
tube proximally) to retract the stent back into the outer tube 
and then move the delivery device to a better position to 
redeploy the stent. Generally, once a self expanding stent is 
fully released from the delivery device, it cannot be recap 
tured Within the delivery device because the proximal end of 
the stent has been released from radial constriction and is 
noW bigger than the outer tube and, there is no Way to 
radially constrict it again. 

[0014] It can be seen from the description above that, 
during release of the stent in the body lumen, the outer tube 
must move proximally While the stent and inner tube remain 
stationary. Likewise, in the case of the need to retract the 
stent back into the outer tube, the stent must remain station 
ary as the outer tube is pushed distally back over the stent. 
HoWever, since the stent, and especially self expanding 
stents, may exert a radially outWard force in the inner Wall 
of the outer tube, the stent may get pulled along With the 
outer tube due the frictional engagement of the stent and the 
outer tube. 

[0015] Aforementioned US. Pat. No. 5,026,377 discloses 
a technique adapted to ensure that the stent remains station 
ary and ?xed to the inner tube When the outer tube is moved 
relative thereto. That patent discloses a gripping member on 
the inner tube adjacent the stent, the gripping member 
comprising a high friction, enlarged diameter portion of the 
inner tube. The material of the gripping member may take a 
set around the stent, i.e., locally deform around the threads 
of the stent as the stent is compressed against the gripping 
member by the outer tube thereby gripping the stent. The 
surface of the gripping member may or may not be rough 
ened to increase its ability to grip the stent. 

SUMMARY OF THE INVENTION 

[0016] The invention is a method and apparatus for deliv 
ering a stent, including, but not limited to, a self expanding 
stent, into a body lumen. The apparatus comprises an outer 
tube having a proximal end and a distal end and siZed to hold 
a stent therein in a radially constricted condition, an inner 
tube Within the outer tube and having a proximal end and a 
distal end, and one or more in?atable balloons carried on the 
inner tube at the location of the loaded stent. The balloon can 
be in?ated prior to the procedure so that the balloon presses 
against the inner surface of the outer tube trapping the stent 
in its longitudinal position betWeen the inner and outer 
tubes. Accordingly, the outer tube can be slid proximally to 
release the stent or distally to retract the stent back into the 
delivery device Without the stent inadvertently sliding. 
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[0017] The balloon(s) should be in?ated to an internal 
pressure or volume that is loW enough that the frictional 
force betWeen the balloon(s) and the inner surface of the 
outer tube is not so great that it is impossible or dif?cult to 
slide the outer tube relative to the inner tube and balloon(s), 
yet high enough to keep the stent from moving With respect 
to the inner tube When the outer tube is slid relative to the 
inner tube and the balloon(s). The balloon(s) may, but need 
not, be longitudinally aligned With the stent. In embodiments 
in Which the balloon actually forces the loaded stent against 
the outer tube, the balloon is preferably formed of a material 
that is more compliant than the outer tube so that the balloon 
Will take a greater set against the balloon than the outer tube 
and hold it in place longitudinally When the outer tube is 
moved longitudinally relative to the balloon. 

[0018] The balloon may remain in?ated until the stent is 
fully released from the delivery device, at Which point the 
balloon can be de?ated and the delivery device fully 
removed from the lumen and the procedure concluded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1A is a plan vieW of a braided self expanding 
stent in accordance With the prior art. 

[0020] FIG. 1B is a plan vieW of the stent of FIG. 1A 
shoWn in a radially constricted/axially elongated state. 

[0021] FIG. 2 is a cross sectional vieW of a conventional 
stent and stent delivery apparatus. 

[0022] FIG. 3 is a cross sectional vieW of a stent and stent 
delivery apparatus in accordance With the present invention. 

[0023] FIG. 4 is a detailed cross sectional vieW of the 
distal portion of the stent delivery apparatus in accordance 
With the ?rst embodiment of the present invention after the 
stent has been partially deployed in a body lumen. 

[0024] FIG. 5 is a detailed partial cross sectional vieW of 
the distal portion of the stent delivery apparatus in accor 
dance With the ?rst embodiment of the present invention 
after the stent has been fully deployed in a body lumen, but 
before the balloon has been WithdraWn. 

[0025] FIG. 6 is a detailed partial cross sectional vieW of 
the distal portion of the stent delivery apparatus in accor 
dance With the ?rst embodiment of the present invention 
after the stent has been fully deployed in a body lumen and 
the balloon has been WithdraWn. 

[0026] FIGS. 7A and 7B are detailed cross sectional 
vieWs of the distal portion of the stent delivery apparatus 
during the initial stage of inserting a self expanding stent 
into the stent delivery apparatus illustrating various embodi 
ments of the balloon. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] FIG. 3 is a cross sectional vieW of the primary 
elements of a stent and stent delivery device in accordance 
With one particular embodiment of the present invention. It 
Will be understood by those of skill in the art that certain 
components that are not particularly relevant to the present 
invention, such as handles and an optional guide Wire, are 
not shoWn for sake of clarity. The delivery device 200 has a 
proximal end 200a and a distal end 200b. The proximal end 
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is the end that is in the physician’s hand during a medical 
procedure. The distal end is the end that is inserted into the 
lumen during a medical procedure. The device 200 includes 
an inner tube 201 and an outer tube 203 and a stent 205 
captured in a radially constricted condition betWeen the 
outer tube 203 and the inner tube 201. For exemplary 
purposes, let us assume that the stent 205 is a bioabsorbable 
braided self expanding stent. 

[0028] A balloon 207 is located on the inner tube 201 at 
the distal end of the delivery device 200 and longitudinally 
aligned With the loaded stent 205. While, in this particular 
example, the length of the balloon is shorter than the length 
of the stent, this is not necessary. The balloon may be longer 
than the stent or shorter than the stent. In fact, the balloon 
may comprise multiple, smaller balloons. 

[0029] The balloon may be in?ated to a predetermined 
pressure or volume during manufacture of the delivery 
device and sealed With no further mechanism for in?ating or 
de?ating the balloon. 

[0030] Alternately, the balloon may be in?atable and 
de?atable by the physician. In one such embodiment, an 
in?ation tube runs from the proximal end of the delivery 
device 200 to the balloon. The in?ation tube may or may not 
be adhered to the inner tube or integrally formed With the 
inner tube. In other embodiments, the inner tube 201 itself 
can serve as the in?ation tube, Without the need for a 
separate, third tube for in?ation. Such embodiments are 
particularly suitable in connection With stent delivery 
devices that are not used in connection With a guide Wire and 
thus the inner tube may be closed at its distal end. At the 
proximal end of the delivery device, the in?ation tube can be 
connected to a pump or syringe for pumping ?uid into the 
balloon to in?ate it. The in?ation ?uid may be a gas, such as 
nitrogen or air, or a liquid, such as saline, silicone solution, 
oil or contrast medium. Alternately, the in?ation medium 
could be a foam. The in?ation medium should be biocom 
patible in case it escapes from the balloon While in the body 
lumen. 

[0031] The proximal end of the balloon 207 is sealed over 
the inner tube so as to be air tight, except through the bore 
in the in?ation tube in embodiments in Which the balloon is 
in?atable by the physician. The distal end of the balloon is 
also sealingly attached to the inner tube, such as by adhesive 
or a Wire tightly Wound around each end of the balloon. In 
one embodiment as shoWn in FIG. 3, the distal end of the 
balloon is rolled over and bonded to the inner tube. Alter 
nately, the distal end of the balloon may instead simply 
bonded to the inner tube Without rolling over. 

[0032] The balloon 207 can be in?ated anytime before the 
outer tube is moved relative to the stent and inner tube. This 
may be done prior to inserting the delivery apparatus into the 
lumen or after the delivery apparatus is inserted into the 
lumen and the stent is in the desired location for deployment, 
but before the outer tube 203 is WithdraWn. The in?ation 
medium may be applied at the proximal end of the in?ation 
tube by syringe or by coupling the in?ation tube to another 
tube coupled to a pump. The balloon 207 is in?ated so that 
it presses the stent 205 against the inner surface of the outer 
tube 203. The pressure or volume to Which the balloon is 
in?ated should be selected so as to exert suf?cient frictional 
force against the stent as it is pressed against the inner Wall 
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of the outer tube, yet loW enough that it is not impossible or 
di?icult to slide the outer tube relative to the stationary stent 
and balloon. 

[0033] In certain embodiments of the invention, the bal 
loon may be formed of a material, such as polyethylene 
terepthalate (PET) or nylon, or combinations thereof, that 
Will expand to a certain nominal siZe and thereafter have 
minimal or no further expansion With increasing pressure up 
to burst pressure. In such embodiments, the balloon nominal 
radius should be no less than the inner radius of the outer 
tube minus the Wall thickness of the stent. OtherWise the 
in?ated balloon Would not contact the stent. While the 
balloon nominal radius may be larger than the inner radius 
of the outer tube, preferably, it is someWhere betWeen the 
inner radius of the outer tube, on the one hand, and the inner 
radius of the outer tube, minus the Wall thickness of the 
stent, on the other hand. In such embodiments, once any 
portion of the self expanding stent 205 is released from the 
outer tube 203, it Will expand beyond the diameter of the 
balloon and engage the Wall of the lumen 233, While the 
balloon diameter does not substantially further expand upon 
release from the outer tube. FIG. 4 illustrates a partially 
deployed stent in accordance With such an embodiment. It 
can be seen that the released, distal portion of the stent 205 
has expanded to contact the lumen 233, but the released, 
distal portion of the balloon 207 remains at substantially the 
same diameter Whether Within the outer tube 203 or released 
from it. Thus, the balloon 207 exerts no radial force on the 
stent 205 once the stent is released from the outer tube 203. 
This type of embodiment is preferable because it often is 
undesirable for the balloon to exert expansive pressure on 
the body lumen. 

[0034] HoWever, in some applications, it may be prefer 
able that the balloon be expandable to a greater diameter 
upon release from the outer tube. In such cases, the balloon 
may be formed of a more stretchable or elastomeric material, 
such as polyurethane or silicone. Preferably, hoWever, the 
balloon pressure still is loW enough such that, When the 
balloon exits the outer tube it expands partially along With 
the stent, but not sufficiently to contact the body lumen. 

[0035] The proximal end of the balloon should taper doWn 
to a diameter less than the inner diameter of the outer tube 
as that it can be pulled back in the delivery device after the 
stent has been released. If the balloon is de?atable, than the 
taper is immaterial. 

[0036] The balloon should be formed of a material that is 
more compliant than the outer tube so that the balloon Will 
take a greater set against the balloon than the outer tube and 
hold it in place longitudinally With respect to the inner tube 
When the outer tube is moved longitudinally relative to the 
balloon and stent. If the outer tube Was more compliant than 
the balloon, the stent Would take more of a set on the outer 
tube and thus move along With the outer tube and slide along 
the surface of the balloon, rather than stay stationary With 
the balloon and alloW the outer tube to slide relative thereto. 

[0037] The balloon should remain in?ated until the stent is 
fully released from the outer tube and fully engages the Wall 
of the lumen. At any point While the stent and balloon are 
still partially Within the outer tube, the balloon is still 
holding the stent stationary relative to the inner tube so that 
the stent can be WithdraWn back into the outer tube in case 
repositioning is necessary after partial release of the stent. 
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FIG. 5 illustrates the stent 205 and stent delivery device 200 
in accordance With the ?rst embodiment of the invention 
after the stent 205 has been fully released from the device 
200, but before the balloon 207 has been de?ated. 

[0038] Once the stent is fully released, the balloon can be 
de?ated (for embodiments for Which the balloon is not fully 
sealed in the in?ated state) and the inner tube and balloon 
WithdraWn proximally back into the tube as illustrated in 
FIG. 6. The stent delivery device can then be removed from 
the lumen and the procedure concluded. With respect to 
embodiments of the invention in Which the balloon is fully 
sealed, the proximal end of the balloon should taper doWn to 
a diameter smaller than the inner diameter of the outer tube, 
as shoWn, so that the proximal end of the balloon Will easily 
?t back into the outer tube. Even if the remainder of the 
in?ated balloon has a larger diameter than the outer tube, 
once the smaller end of the balloon is in the outer tube, the 
diameter of the remainder of the balloon Will shrink When it 
engages the outer tube as it is pulled proximally relative to 
the outer tube. 

[0039] The single balloon of about equal length to the 
stent illustrated in the preceding Figures is merely exem 
plary. FIGS. 7A and 7B illustrate various potential embodi 
ments of the invention With different balloon con?gurations. 
For instance, FIG. 7A shoWs an embodiment in Which tWo 
balloons 801, 803 are used to hold the stent 805 in place. The 
?rst balloon 801 is positioned adjacent the distal end of the 
stent 805 and the second balloon 803 is positioned adjacent 
the proximal end of the stent 805. 

[0040] FIG. 7B shoWs another embodiment in Which there 
is only one small balloon 810 positioned adjacent the 
proximal end of the loaded stent 812. It should be under 
stood that once the balloon 812 exits the outer tube 814, it 
no longer serves its primary function of forcing the stent 812 
against the outer tube 814. Accordingly, the balloon or at 
least part of a balloon should be as close to the proximal end 
of the stent as possible since that is the last part of the stent 
that can be released from the outer tube. Once the proximal 
end of the stent is released, the balloon’s function is com 
pleted since the stent generally cannot be recaptured into the 
outer tube after that point. 

[0041] While the invention has hereinabove been 
described in connection With a standard type of self-expand 
ing stent, it is equally applicable to other forms of stents and, 
in fact, any tubular self-expanding prosthesis that is deliv 
ered in the same general manner. For instance, the invention 
is equally applicable to stent-grafts and covered stents, both 
of Which are stent-based medical prostheses that are Well 
knoWn to those of skill in the related arts. In fact, it is not 
even necessary that the prosthesis be self expanding. The 
invention can be useful in connection With any prosthesis 
that must be inserted into a small opening. 

[0042] Having thus described a feW particular embodi 
ments of the invention, various alterations, modi?cations, 
and improvements Will readily occur to those skilled in the 
art. Such alterations, modi?cations and improvements as are 
made obvious by this disclosure are intended to be part of 
this description though not expressly stated herein, and are 
intended to be Within the spirit and scope of the invention. 
Accordingly, the foregoing description is by Way of example 
only, and not limiting. The invention is limited only as 
de?ned in the folloWing claims and equivalents thereto. 
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We claim: 
1. Amethod for delivering a stent into a body lumen, said 

method comprising the steps of: 

(1) providing a stent delivery device comprising an outer 
tube having a proximal end and a distal end and siZed 
to hold said stent therein in a radially constricted 
condition, an inner tube Within said outer tube having 
a proximal end and a distal end, and a balloon ?xedly 
mounted on said inner tube and positioned Within said 
outer tube; 

(2) positioning said stent in a radially constricted state 
Within said outer tube in a longitudinal position so that 
at least a portion of said stent is longitudinally con 
tiguous With at least a portion of said balloon; 

(3) in?ating said balloon so as to trap said stent betWeen 
said balloon and said outer tube; 

(4) guiding said delivery device Within said body lumen 
to position said stent Within said delivery device to a 
position Within said body lumen; and 

(5) moving said outer tube proximally relative to said 
inner tube, said balloon and said stent so as to at least 
partially release said stent from said outer tube. 

2. The method of claim 1 further comprising the step of: 

(6) moving said outer tube distally relative to said inner 
tube, said balloon and said stent so as to at least 
partially recapture said stent Within said outer tube. 

3. The method of claim 1 Wherein step (3) is performed 
before step (4) and after step 

4. The method of claim 1 Wherein step (4) is performed 
before step 

5. The method of claim 1 Wherein step (3) is performed as 
part of the process of manufacturing said stent delivery 
device. 

6. The method of claim 5 Wherein step (2) is performed 
after step 

7. The method of claim 6 Wherein step (2) is performed 
just prior to step 

8. The method of claim 1 further comprising the steps of: 

(7) de?ating said balloon after said stent is fully released 
from said outer tube; 

(8) moving said inner tube proximally relative to said 
outer tube so as to recapture said de?ated balloon in 
said outer tube. 

9. The method of claim 8 further comprising the step of: 

(9) WithdraWing said stent delivery device from said body 
lumen. 

10. The method of claim 1 Wherein said stent is a 
self-expanding stent. 

11. The method of claim 8 Wherein said stent is a 
self-expanding stent. 

12. The method of claim 9 Wherein said stent is a 
self-expanding stent. 

13. The method of claim 1 Wherein step (3) comprises 
in?ating said balloon sufficiently to hold said stent stationary 
relative to said outer tube When said outer tube is moved 
longitudinally relative to said inner tube. 

14. The method of claim 1 Wherein said balloon is shorter 
than said stent and Wherein step (2) comprises positioning at 
least a portion of said stent longitudinally aligned With said 
balloon. 
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15. The method of claim 1 wherein said balloon is shorter 
than said stent, said stent having a proximal end and a distal 
end and Wherein step (2) comprises positioning said stent so 
that said balloon is adjacent said proximal end of said stent. 

16. The method of claim 15 Wherein said balloon com 
prises ?rst and second balloons and Wherein step (2) com 
prises positioning said stent so that said ?rst balloon is close 
to said proximal end of said stent and said second balloon is 
close to said distal end of said stent. 

17. The method of claim 1 Wherein step (3) comprises 
in?ating said balloon through said inner tube. 

18. The method of claim 1 Wherein step (1) comprises 
providing an in?ation tube Within said outer tube separate 
from said inner tube and Wherein step (3) comprises intro 
ducing a ?uid into said balloon via said in?ation tube. 

19. An apparatus for delivering a self expanding stent into 
a body lumen comprising: 

an outer tube having a proximal end and a distal end and 
siZed to hold a self-expanding stent therein in a radially 
constricted condition; 

an inner tube Within said outer tube having a proximal end 
and a distal end; 

a stent in a radially constricted state Within said outer 
tube; and 

an in?ated and permanently sealed balloon ?xedly 
mounted on said inner tube and positioned Within said 
outer tube so that at least a portion of said stent is 
longitudinally contiguous With at least a portion of said 
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balloon and presses said stent against said outer tube, 
said balloon being more compliant than said outer tube, 
Whereby said stent has a greater resistance to longitu 
dinal motion relative to said balloon than to longitudi 
nal motion relative to said outer tube. 

20. The apparatus of claim 19 Wherein said balloon is 
formed of polyurethane. 

21. The apparatus of claim 19 Wherein said balloon is 
formed of silicone. 

22. The apparatus of claim 19 Wherein said stent is a 
self-expanding stent. 

23. The apparatus of claim 19 Wherein said balloon is 
in?ated suf?ciently to hold said stent stationary relative to 
said outer tube When said inner tube is moved longitudinally 
relative to said inner tube. 

24. The apparatus of claim 19 Wherein said balloon has a 
length about equal to a length of said stent and Wherein said 
stent is longitudinally aligned With said balloon. 

25. The apparatus of claim 19 Wherein said balloon is 
shorter than said stent, said stent having a proximal end and 
a distal end and Wherein said stent is positioned so that said 
balloon is adjacent said proximal end of said stent. 

26. The apparatus of claim 19 Wherein said balloon 
comprises ?rst and second balloons and Wherein said stent 
is positioned so that said ?rst balloon is adjacent said 
proximal end of said stent and said second balloon is 
adjacent said distal end of said stent. 

* * * * * 


